This is a preliminary report suggesting a method of management of cases of gonorrhoea in which there has been failure of treatment with standard doses of penicillin.
Over the past 10 years there has been a steady increase in the number of strains of gonococci isolated which show an increased resistance to the action of penicillin (Curtis and Wilkinson, 1958) . The Medical Research Council (1961) published a study of cases in Great Britain, which showed that 13-2 per cent. of strains of gonococci isolated before treatment were inhibited only by concentrations of penicillin as high as 0-125 to 1-0 units per ml.
Recent work by Smith and Levey (1967) in Australia, indicates a more alarming picture; they found that 46 of 104 strains isolated in 1966 showed a decreased sensitivity to penicillin in vitro. Nine of the strains were resistant at a minimum inhibitory concentration of 0-1 unit per ml., 27 at 05 unit per ml., 9 at 1-0 unit per ml., and 1 at 2-5 units per ml.
In an attempt to maintain a high cure rate, the dosage of penicillin routinely employed in the treatment of gonorrhoea has gradually been increased in the last few years, but this trend must inevitably reach a point at which further increase is unreasonable. It is vitally important from the epidemiological viewpoint to prevent the "escape" of strains of gonococci showing increased resistance to the action of penicillin, and for this reason the treatment to be employed in cases of failure of treatment with routine doses of penicillin should be as effective as possible.
Present Investigations
With this in mind the following regime for the treatment of such failures was proposed. There are three different schedules for comparison.
*Received for publication August 1, 1968. (A) Initially, treatment was given in 51 cases using a single dose of procaine penicillin 3-6 mega units intramuscularly. These 51 cases occurred in fifty patients, one West Indian having two infections; 27 of the patients were born in the United Kingdom, fourteen were from the West Indies, and nine from elsewhere. 36 patients were single and twelve were married; in two cases the marital state was unknown. 27 (54 per cent.) of the patients gave previous histories of similar episodes. 45 of the 51 cases could be followed up, and treatment failure was seen in three instances (6-7 per cent.).
(B) In the other two series of cases, treatment was given with procaine penicillin 3-6 mega units combined with 2 g. ampicillin taken in the form of four capsules of 500 mg. immediately after the injection had been given.
(1) In In every instance, the grounds for believing that treatment failure and not re-infection had occurred was the presence of continuous slight discharge or of persistent pyuria. After treatment of these sixty cases with procaine penicillin 3-6 mega units intramuscularly together with 2 g. ampicillin orally 54 were followed up and there were three failures (5 5 per cent.). 14-3 0-14 -9 66 3 1 3 6 m.U. These results indicate that the early total penicillin activity is essentially very similar for the patients treated with the combined administration of procaine penicillin 3-6 mega units plus ampicillin 2 g. and for those treated with procaine penicillin 3-6 mega units alone. This observation becomes even more significant when it is seen that the early total penicillin activity in the group receiving the combined treatment is almost entirely due to the ampicillin, only a small amount being due to penicillin G.
A possible explanation for this observation is that the dosagE of ampicillin used in the combined series ,produced a plateau blood level of penicillin almost precisely the same as that produced by the procaine penicillin. However, the more rapid absorption of the drug administered by mouth (in this case the ampicillin) "saturates" the blood and abolishes the diffusion gradient from the depot of the preparation given by intramuscular injection (in this case procaine penicillin).
By definition, the Diffusion Constant k of a given substance is the quantity of material that diffuses across a surface 1 sq. cm. in area in a unit time under a unit concentration gradient, hence
where Q is the quantity of diffusion material that passes across a plane of area A in time T under a concentration gradient C/c.
In a given example Q may be calculated from the product of the blood level and the blood concentration, assuming the intramuscular depot to be spherical in shape. A may be calculated from the volume administered, and the concentration gradient C/c may be read off from the graph of blood levels against time. The value for k of the preparation of penicillin administered can therefore be calculated.
Once the value for the diffusion constant has been determined, it is possible to calculate the quantity of the depot preparation Q that passes into the blood stream in a given time T: Q = kA TC/c And similarly, the time for the total dose to be absorbed:
this formula gives an S-shaped curve when geometrical increments of dose are plotted against the time taken for the whole of the depot to diffuse into the blood stream.
Thus the increase of dosage of penicillin given by intramuscular injection cannot be expected to give higher plateau blood levels, but the duration of the plateau will be longer with the higher dosage and this factor is likely to be responsible for a greater number of clinical successes with a higher dosage.
The action of the ampicillin administered by mouth concomitantly with an intramuscular injection of procaine penicillin is to produce the phenomenon of depot conservation. By this is meant that the diffusion of any material from the depot is inhibited by the fact that the level of penicillin in the blood is already high. When the total penicillin activity in the blood which is due to the ampicillin has subsided, then diffusion can commence from the intramuscular depot, so that the duration of effect is prolonged. This method of prolonging the effect of penicillin has several practical advantages:
(1) The complete treatment can be administered under supervision in the clinic and does not depend upon the patient remembering to take tablets of probenecid at certain set intervals after he has left the clinic; (2) 
